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The thesis entitled “Synthetic approaches for (-)-Spongidepsin and Pladienolides and B(C6F5)3
catalysis” has been divided into three chapters. (Chapter-I, Chapter-II and Chapter-III).
CHAPTER -I : This chapter is further divided into two sections (Section-A and Section-
B).
SECTION-A : Section-A deals with the introduction to ‘Marine sponge Natural
products and previous approaches of (-)-spongidepsin’.
SECTION-B : Section-B describes the ‘Formal total synthesis of (-)-spongidepsin’.
CHAPTER-II : Chapter II describes the stereoselective synthesis of the C11-C23 unit of
pladienolides (A, B, D & G).
CHAPTER-III : Chapter-III deals with the tris(pentafluorophenyl)borane [B(C6F5)3]
catalyzed reactions. This chapter is further divided into two Sections
(Section-A and Section-B).
SECTION-A : Section A deals with the introduction and applications of B(C6F5)3 and
synthesis of β –keto enol ethers from 1, 3-diketones.
SECTION-B : Section B deals with the synthesis of 1, 8-dioxo-acridinediones under
mild and solvent free conditions catalyzed by B(C6F5)3.
CHAPTER -I , SECTION–A:
This section deals with the introduction to ‘Marine sponge Natural products and previous
approaches to (-)-Spongidepsin’
The marine environment has proven to be a very rich source of extremely potent
compounds that have demonstrated significant activities in anti-inflammatory, anti-infective,
anti-tuberculosis, antimicrobial and anticancer activities, and those targeting ion channels. The
biosynthetic source of natural products from marine organisms and their associate microbes is a
source of speculation. It has been proposed that investigation of the genomics of marine
microbes has the potential to enhance the search for metabolites. The low abundance of the
molecule/s from the natural source is not allowing chemists to study the full biological profiles,
-so the synthesis of the marine natural products continue to attract considerable attention from
both synthetic and natural product chemists.
Spongidepsin (1) is a remarkable marine natural product, isolated recently from a
Spongia sp. sponge collected off the Vanuatu Islands, Australia, by Riccio and co-workers. It’s
cytotoxic and antiproliferative activities against J774.A1, WEHI-164, and HEK-293 cancer cell
lines are accompanied by an unprecedented structure. The amino acid moiety was identified
during the isolation stage. This 13-membered macro cycle was decorated with amino acid
moiety, ester functionality, three methyl centers and alkyne functionality.
CHAPTER-I, SECTION –B:
This section describes the ‘Formal total synthesis of (-) – Spongidepsin’. In continuation of
our interest in synthesizing the bio active natural products, also in view of its potent cytotoxic
properties and interesting structural features, we were attracted to the synthesis of (-)-
spongidepsin. The retro synthetic analysis of 2R, 4R, 7R, 9R, 16S (-)-spongidepsin 1 is shown in
scheme 1. The 13-membered macrolactam 1 can be constructed by the ring-closing metathesis of
diene 2 and subsequent palladium-catalyzed hydrogenation. The RCM substrate, 2 in turn could
be derived from the C1-C6 and C6-C13 fragments 3 and 4, respectively. The crucial reactions
involved in the synthesis of the individual fragments are proline catalyzed α- hydroxylation,
Ender’s auxiliary (SAMP) mediated alkylation, Sharpless asymmetric epoxidation, Gilman’s
alkylation, Yamaguchi esterification, RCM.
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Scheme-1. Retrosynthetic analysis of (-)-Spongidepsin:
Synthesis of compound 4 (C13-C5 unit): The stereoselective synthesis of the C6-C13 segment
of spongidepsin commenced with the (S)-citronellol 6, as a suitable chiral starting material.
Initially, (S)-citronellol 6 was protected as its silyl ether 7 in 98% yield (Scheme 2). Silyl ether 7
was subjected to ozonolysis to furnish aldehyde 8 in 88% yield, aldehyde 8 was exposed to
MacMillan’s one-pot α- hydroxylation protocol to furnish the corresponding anilinoxy
compound 9 in 68% yield. Compound 9 was converted into diol 10 using 30% CuSO4 78% yield.
The chemoselective tosylation of the diol 10 was achieved in 90% yield. Treatment of
tosylate 11 with K2CO3 provided epoxide 12 in 92% yield. Stereoselective opening of epoxide
12 with MPM protected propargyl anion gave the acetylinic alcohol 13 in 92% yield.
Hydrogenation of compound 13 provided the compound 14 with 90% yield
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Compound 14 was silylated to triol 15 in 90% yield. Chemoselective deprotection of
TBDPS group provided compound 16 in 90% yield. Iodination of 16 followed by treatment
potassium tert-butoxide afforded the olefin 17 in 78% yield. Compound 17 was desilylated with
TBAF to furnish the C6-C13 fragment 4 in 80% yield.
Synthesis of compound 3 (C1-C5 segment): The synthesis of compound 3 was accomplished in
two routes. In both routes the synthesis commenced from commercially available (+)-methyl-L-
β-hydroxyisobutyrate 18.
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Silylated Roche’s ester 19 was reduced to alcohol 20 in 90% yield, using DIBAl-H.
Swern oxidation of alcohol 20 followed by Wittig olefination reaction afforded the α,β-
unsaturated ester 21 (E/Z= 95/5) in 89% overall yield for two steps. Ester 22 was reduced to the
corresponding allylic alcohol 22 using DIBAl-H in 91% yield (scheme-5). Allylic alcohol 22 was
subjected to hydrogenation provided alcohol 23 in 90% yield. Alcohol 23 was oxidized to
corresponding aldehyde and it was transformed into hydrazone 26 in 92% yield (scheme 6), with
Ender’s auxiliary SAMP 25. The SAMP hydrazone 26 was methylated to compound 27 in 92%
yield. The syn dimethyl hydrazone 27 was then subjected to ozonolysis to furnish the aldehyde,
which was further subjected to one carbon Wittig olefination afforded the olefin 28. Desilylation
of olefin 28 was achieved with TBAF yielded the olefin alcohol, which on further treatment with
PDC in DMF gave the olefinic acid fragment (C1-C5) 3.
Alternative route for the synthesis of the C1-C5 fragment: Compound 3 (C1-C5) was also
synthesized from the allylic alcohol 22 in an alternative route (scheme 7) using Sharpless
asymmetric epoxidation and Gilman’s alkylation as the key steps involved. Sharpless
asymmetric epoxidation (scheme 7) of the allylic alcohol 22 gave the epoxide 29 in 88% yield.
Gillman’s alkylation on the epoxy alcohol 29 with Lithium dimethy cuprate yielded the required
1, 3-diol along with the 1, 2-diol as a minor isomer. Oxidative cleavage of the above diol mixture
with sodium periodate afforded the diol 30 in 76% yield.
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The chemoselective benzylation of diol 30 (scheme 8) was afforded in 90% yield.
Tosylation of 31 followed by treatment with LAH gave the protected diol 32. Debenzylation of
32 was achieved through hydrogenation with 5% Pd-C in ethyl acetate
Synthesis of amino acid moiety (5): The third fragment N-Boc-N-methyl-phenylalanine 5 was
prepared from natural amino acid (L)-phenylalanine 34. (L)-phenylalanine 34 was protected with
di-tert-butoxycarbonyl (Boc)2O in 20% aq sodium hydroxide (NaOH) and 1,4-dioxane to yield
the N-Boc-L-phenylalanine 35 in 90% yield. This compound was then subjected to Nmethylation
with sodium hydride and methyl iodide in dry tetrahydrofuran at 0 oC gave N- Boc-
N-methyl-L-phenlylalanine 5 as two rotamers in 90% yield.
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The assembling of these three fragments 3, 4 and 5 were successfully achieved in a
proper sequence and prepared the target compound through Yamaguchi esterification, amide
bond formation and Grubbs ring-closing metathesis as key steps.
Yamaguchi esterification (scheme 10) of alcoholic synthon 4 and amino acid derived
moiety 5 were achieved with 2, 4, 6-trichlorobenzoylchloride, triethyl amine and DMAP in
toluene to give 36 (two rotamers) in 88% yield. Ester 36 was subjected to the stepwise
deprotection (scheme 11) of Boc group of disubstitued amine using, 2, 6-lutidine and TBSOTf in
DCM, provided the silyl ester, which was further treated with TBAF in THF to obtain the
secondary amine 37. Amine 37 was subjected to amide bond formation with acid synthon 3
under EDCI and HOBt conditions in DCM furnished compound 38 in 76% yield. The RCM of
amide 38 using Grubbs second generation catalyst in DCM, under reflux for 12 h furnished the
macrolactam 40 (as a mixture of two isomers, E/Z=10/1), in 80% yield.
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Hydrogenation (5% Pd-C in ethyl acetate) of macrolactam 40 for 12 h with furnished the
target compound 41 in 88% yield.
CHAPTER II:
This chapter describes the stereoselective synthesis of the C11-C23 segment of
Pladienolides (A, B, D & G).
Introduction: Pladienolides 42 (A-G) are 12-membered macrolides possessing anti-tumour
activities against a variety of cell lines.
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In the year 2004 Sakai et al. reported the identification of these seven 12-membered macrolides
(pladienolides A–G), from Streptomyces platensis Mer-11107 by way of a cell-based assay that
evaluated the suppression of hypoxia-induced gene expression controlled by the human VEGF
promoter. The most potent pladienolides (B and D) have IC50 values in the low nanomolar range.
They also inhibit the growth of a variety of cancer cell lines in vitro with low nanomolar IC50
values.
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The retrosynthetic scheme for Pladienolide was shown in scheme 13. Pladienolide A, B
and D could be constructed from the cross metathesis of diene 43 and macrolide 44. Compound
43 in turn can be prepared form the homo allyl alcohol segment 45 (C23-C11 unit). The target
compound C23-C11 unit (45) could be prepared form the cross metathesis of C23-C18 unit (46)
and C19-C15 unit (47).
Synthesis of C23-C18 unit: The synthesis of olefin-46 (C18-C23 unit) was achieved in two
synthetic routes. In both routes, the construction of stereogenic hydroxyl center-C21 was
achieved by Sharpless asymmetric epoxidation. The first route for the synthesis of C18-C23 unit
began with MOM protection of commercially available (+)-methyl-L-β-hydroxyisobutyrate, 18
(scheme 14). LiAlH4 reduction of ester 48 provided the alcohol 49 in 90% yield. Swern
oxidation of alcohol 49 and subsequent treatment of resultant aldehyde with stable two carbon
Wittig ylide afforded the, β- unsaturated ester (E/Z=9/1) 50 in 88% yield. Ester 50 was reduced
to allylic alcohol 51 using DIBAl-H in 90% yield. Sharpless asymmetric epoxidation of 51 gave
the epoxide 52 in 80% yield. Epoxy alcohol 52 was iodinated subjected to reductive opening
with sodium iodide and zinc under refluxing conditions in acetone for 3 h. afforded the allyl
alcohol 53 in 70% for two steps. MOM deprotection of allyl alcohol 53 was achieved with 5N
HCl in THF at rt in 7 h, to provide the diol compound 54 in 80% yield.
Hydrogenation of allyl alcohol 54 furnished the saturated alcohol 55 in 80% yield
(scheme 15). 1, 3-diol 55 was protected with MPM acetal to give compound 57 in 92% yield.
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The regioselective reductive opening of MPM acetal 57 with DIBAl-H yielded the
compound 58 in 80% yield. Oxidation of alcohol 58 followed by Wittig methylation provided
the desired C18-C23 unit 46 in 65% yield.
Alternative route for C23-C18 unit: Alternatively, this segment was also synthesized from
commercially available propionaldehyde. Propionaldehyde 59 was subjected to Wittig
olefination with ethyl-2-(triphenyl phosphoranylidene) propanoate in Dry DCM yielded the (E)-
ethyl 2-methylpent-2-enoate 60 in 90%. α, β -unsaturated ester 60 was reduced to allyl alcohol
61 with DIBAl-H in 60% yield. Sharpless asymmetric epoxidation of the allylic alcohol 61
furnished the epoxide 62 in 60% yield. Epoxy alcohol 62 was subjected to reductive opening
with Red-Al-H in dry THF at -10 oC for 4 h yielded the 1, 3-diol 56 along with a minor amount
of 1, 2-diol. The subsequent oxidative cleavage of the resultant diol mixture with NaIO4,
followed by column chromatography yielded the pure 1, 3-diol in 50% yield.
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Synthesis of C19-C15 unit: The synthesis of the C19-C15 segment was commenced with (S)-
citronellol 6 as shown in scheme 17. Compound 6 was protected as its TBDMS ether 63 in 99%
yield. Ozonolysis of compound 63 furnished the aldehyde 63 in 90% yield. Aldehyde 63 was
reduced to alcohol 64 using NaBH4 in methanol at 0 oC in 90% yield. Bromination of alcohol 65
with TPP, CBr4 in dry DCM at 0 oC under nitrogen atmosphere for 1 h yielded the bromide 66
in 70% (~20% of the starting material was recovered as desilylated product).
Treatment of this bromide 66 with potassium tert-butoxide in dry tetrahydrofuran at 0 oC under
nitrogen atmosphere afforded the olefin 47 (the partner for the cross metathesis) in 80% yield.
Cross metathesis: The cross metathesis between the compound 46 and compound 47 was
accomplished with Grubbs 2nd generation catalyst (5 mol%) in DCM under reflux for 24 h,
afforded the cross coupled olefin 67 in 70% yield (Scheme 18). Desilylation of 67 was achieved
with TBAF in THF at rt under nitrogen atmosphere afforded compound 68 in 93% yield.
Oxidation of alcohol 68 with IBX using DMSO and THF provided the aldehyde, which was
treated with lithiated Ethylpropiolate (69) to afford the hydroxyl alkynoate 70 in 85% yield. The
critical conjugated dieneester intermedicate 70 was obtained from hydroxy alkynoate 71 by
triphenylphosphine mediated deoxygenative rearrangement via allene in 90% yield. Compound
71 was treated with DDQ in DCM, water for 2 h at rt under nitrogen atmosphere to afford the
target compound 45 in 85% yield.
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CHAPTER III:
SECTION–A: This section deals with the introduction and applications of B(C6F5)3 and
synthesis of β -keto enol ethers from 1, 3-diketones.
B(C6F5)3 has been used as a versatile catalyst for several organic transformations, which
has been recently explored as a non-conventional Lewis acid catalyst. This catalyst operates via
hyperco-ordination at the boron center. B(C6F5)3 catalyzes the hydrosilation of imines via
silyliminium intermediates, carbonyl compounds and esters were reported. B(C6F5)3 also
catalyses the allylation of secondary benzyl acetates and allylstannation of aldehydes. In
continuation to explore the boron catalyst herein, we report the synthesis of β-keto enol ethers
from β–diketones catalyzed by B(C6F5)3 under mild conditions (scheme 19).
O
O
O
OH
O
OR
B(C6F5)3 (2 mol%)
r.t., 5 - 10 min Scheme 19.
ROH
OMPM
OTBDMS
OMPM
COOEt
OMPM
OTBDMS
Grubbs catalyst (II)
CH2Cl2, reflux,
24 h, 70%
OMPM
OH
TBAF, THF,
rt, 1 h, 93%
OMPM
OH
COOEt
a. IBX, DMSO, THF, rt, 1 h
b. LHMDS, THF,
-78 oC, 3 h, 85%
COOEt
TPP, C6H6,
rt, 3 h, 90%
DDQ, CH2Cl2, 0oC,
2 h, 90%
OH
COOEt
46 47 67
68
70 71
45
Scheme-18
69 =
O
O
OH
Ph OH
Ph OH
O
O
OH
OH
O
O
O
OMe
O
O
O
OEt
O
O
O
O Ph
O
O Ph
O
OMPM
O
OMe
(OMe)PhCH2OH
1
2
3
4
5
6
7
8
9
10
Entry substrate alcohol product yield (%)b
Table : B(C6F5)3 catalyzed enol-erification of cyclic 1,3 -diketonesa
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β-Keto enol ethers have been widely used as key intermediates in organic synthesis. Initially we
have treated the commercially available cyclohexane-1, 3-dione with methanol (as a solvent and
reagent) in presence of 2 mol% B(C6F5)3 to yield the β-keto enol ether 1a in 95% isolated yield
(Table 1, entry 1). This prompted us to look into other alcohols, which can participate in the
formation of corresponding enol ethers. Accordingly, allyl alcohol (entry 2) and propargyl
alcohol (entry 3) were used as alcohol partners to observe clean formation of the products 2a and
3a in over 90% yield in less than ten min. This procedure has advantage over the literature
procedures, where allyl and propargyl alcohols were resistant to the reaction. The other
commercial cyclopentane-1, 3-dione (entries 9 and 10) were also equally participating in this
reaction. Entries 6, 7 and 8 demonstrate the use of non-volatile alcohols wherein, to avoid the
difficulty of excess alcohols to be removed by evaporation, only 3 equivalents of alcohol reagent
was used and allowed to stir neat for 10 minutes in presence of 2 mol% catalyst and purified by
column chromatography (silica gel 60-120 mesh, hexanes and ethyl acetate as eluent). In
conclusion, B(C6F5)3 was demonstrated as a homogeneous catalyst for the rapid conversion of
β-diketones to mono enol ethers from corresponding β-diketones with high yields.
CHAPTER-III, SECTION-B:
This section deals with the introduction of 1, 4-dihydropyridines (DHPs) and
synthesis of 1, 8-dioxo decahydroacridinediones under mild and solvent free conditions
catalyzed by B(C6F5).
1, 4-dihydro pyridine (DHP) ring system is found in a variety of compounds including
dyes, organic materials and Pharmaceuticals. Among the pharmaceuticals, 1, 4-dihydropyridine
derivatives have been employed for the treatment of platelet anti-aggregatory activity,
Alzheimer’s disease, tumor, cardiovascular diseases including hypertension and diabetis. The
classical Hantzsch reaction was discovered more than a century ago, which is a condensation of
aldehyde with ethyl acetoacetate and ammonium acetate in either acetic acid or refluxing in
alcohol for a longer time. However longer times, use of volatiles solvent and low yield of the
product are the drawbacks of this method. Even though a number of modified methods under
improved conditions have been developed to over come these draw backs using various catalysts,
-for the synthesis of various 1, 4-dihydro pyridines, it is still desirable to develop a catalyst that
can tolerate various substrates. Particularly for the synthesis of 1, 8-dioxo decahydro acridines
which are received less attention among the 1, 4-dihydropyridine derivatives. These acridinediones
have been investigated for the interaction with DNA, anti-malarial activity, and
electrochemical behavior of heterocyclic compounds. A very few methods are known in the
literature for the synthesis of acridine-diones. In the view of the above significance, the
synthesis of this class of compounds under mild conditions is of importance. Herein we report
the facile synthesis of 1, 8-dioxo decahydroacridines using B(C6F5)3 as a mild and efficient
catalyst. Previously we have shown the catalytic activity of Tris(pentafluoro phenyl) borane
B(C6F5)3, a non-conventional Lewis acid, in various organic transformations besides others.
We first examined the reaction of 1,3-cyclo-hexanedione (1a) with benzaldehyde and
aniline when the reaction was performed in the presence of B(C6F5)3 (3 mol %) under solventfree
reaction conditions at room temperature for 1 h, the desired 1,8-dioxo acridinone (4a) was
isolated in 94% yield (entry1, Table-3). The application of the present procedure to a variety of
substrates (aldehydes and amines) was investigated and the results are summarized (in Table-3).
Various aldehydes such as aromatic, hetero aromatic and aliphatic aldehydes could also
participate in the reaction with 1,3-cyclohexane dione and aniline and/or 4-fluoro aniline to give
the corresponding acridinone products in good yields (entries 1 to 10, Table-3). It is worth
noting the efficiency of B(C6F5)3 in a reaction, treatment of 1, 3-cyclohexane dione (1a) with
benzaldehyde and NH4OAc was also provided the N- un-substituted 9- phenyl, 1,8-dioxo
decahydro acridine (4k) in 80% yield, which could be further N-alkylated to make more
derivatives (entry 11, Table-3). Similarly, aliphatic aldehyde was also participated in the
reaction with 1a and ammonium acetate (entry 12, Table-3).
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Table-3. B(C6F5)3 catalyzed one-pot synthesis of 1, 8-dioxo-acridinediones under solvent free
and mild conditions.
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CH3CH2 5 CHO 3a
OMe
2e
4c
4d
4e
1.0
1.2
1.4
2.0
2.1
94 274-276
92 270-772
86 214-216
78 218-210
82 176-178
2d
6
NH2
F 3b 2f
CH3(CH2)4CHO 4f 2.1 80 198-200
2i
CH3CHO 3a
8
9
10
3a
2h
CH3(CH2)4CHO 4h
4i
CHO
F 2j
3a 4j
2.5 78 199-200
2.5 75 186-188
2.4 76 256-258
7 3b
2g
CH3(CH2)3CHO 4g 2.3 83 202-204
11
12
NH4OAc
CH3CH2CHO
3c
3b
2a
2k
4k
4l
2.0
2.3
80 279-281
78 262-264
A comparative study was carried out using other common Lewis acids such as BF3.Et2O,
AlCl3, ZnCl2 as catalysts and the results obtained are summarized in Table 2.
In conclusion, the present study clearly demonstrates the efficiency of B(C6F5)3 as a
Lewis acid catalyst in the synthesis of substituted 1,8-dioxo decahydro acridinediones in high
yields. Besides the milder reaction conditions, solvent-free, room-temperature conditions and
shorter reaction times are notable features of this procedure when compared to the other methods
reported in the literature.

